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INTRODUCTION

Cold Work
Cold is a physical risk factor in the workplace. It is common in outdoor work especially in countries in the circumpolar region. According to occupational safety and health (OSH) standards, work can be considered cold work already when the ambient temperature is below +10 to 15 °C or when a person has cold-related symptoms at work [1, 2] .
Cold exposure may have adverse effects on human health, performance and safety. Cold impairs physical and mental performance in many ways. Muscle co-ordination and manual dexterity are impaired, physical load is increased, strength and velocity are decreased and postural sway is increased by cold exposure [3, 4, 5] . Mental performance is also affected, especially performance in complex tasks [6, 7, 8] . Wind, wetness and cold materials increase the cooling rate of skin and tissues, and thus increase the adverse effects of cold [9] . On the other hand, heavy and bulky cold-protection clothing and personal protective equipment (PPE) may also decrease performance [10] . Unsafe work behavior has been shown to increase when the ambient temperature is below or above +20 °C [11] . In northern regions, the cold winter season is also connected to darkness and icy conditions. All these factors increase the risk of occupational accidents [12, 13] . Cold conditions also affect human health by worsening the symptoms of many chronic diseases [14, 15] . In addition, the prevalence of frostbite among Finnish people is high [16] . The effects of cold on human are also reflected in the quality and productiveness of work [11, 17] .
The term "cold risk management" refers to the policies and practices used in managing coldinduced health and safety risks at a company's workstations. It includes cold-related risk assessment, planning work, technical preventive measures, protective clothing and PPE, training personnel, and occupational health care (OHC) practices related to cold work [18, 19] . Cold risk management and practices should be integrated in the organization's OSH management system, such as the OHSAS system [20] .
Development, Implementation and Evaluation Processes
Several development process models have been created to facilitate and guide development and implementation processes. Many of them follow the principle of continuous development [21, 22] . One of the most well-known is the quality management method known as the PDCA cycle or the Deming wheel. PDCA stands for the Plan-DoCheck-Act phases of a continuous development process [21] . The PDCA phases may also be divided into more detailed tasks [23] . Development projects or interventions with the intention of making changes in several aspects of work and the work environment have proved to be the most effective [24, 25] . The implementation of such a multicomponent development process takes time and requires several contributing factors, the most important being organizational change and culture, management support, personnel's participation in and acceptance of change, thorough planning, reliable equipment suppliers, training, and support before and after the implementation phase [26, 27, 28, 29, 30] . Due to several influencing factors, it is often difficult to evaluate the long-term economic, quality, productivity, safety or well-being effects of a multicomponent development project. To form a comprehensive picture both quantitative and qualitative methods should be used in the evaluation [31] . 
OSH Management and Practices at Finnish Maritime Administration
AIMS
The aim of this study was to evaluate the implementation of cold risk management in OSH practices at FMA and the effects of the development and implementation. The evaluation was carried out by assessing (a) outcomes of the development stage; (b) changes in cold risk management activities; (c) influential factors during the development and implementation phases; and (d) changes in the perceived coldrelated problems among FMA personnel.
The study aimed to find changes at four levels of interest: (a) OSH management and practices (organization level); (b) concrete development actions taken at workstations (action level); (c) personnel's awareness and knowledge about cold work (awareness level); and (d) supporting activities, such as OHC practices (support level).
DEVELOPMENT, IMPLEMENTATION AND EVALUATION PROCESSES AT FMA
The development, implementation and evaluation processes at FMA are presented in Figure 1 . This paper is focused on the evaluation study, which was carried out 3 years after the development phase. [19, 32, 33] . The Gulf of Bothnia Division (GBD), which is geographically the northernmost division of FMA, served as a pilot division in the development project.
DEVELOPMENT
Assessing cold work at FMA
At the beginning of the pilot development project, the environmental risk factors of cold-related work and perceived cold-related health and safety effects were identified among FMA personnel with a questionnaire survey [34] . The questionnaire was targeted at all FMA employees with outdoor work. Most respondents worked mostly outdoors, but the study group also included office workers. The questionnaire was re-sent to the study group to obtain more responses. The respondents (N = 631, 65% response rate) perceived numerous symptoms or adverse effects caused by cold work, such as discomfort (74%), pain in the fingers (61%), decreased work motivation (56%), performance degradation (44%) and increased risk of occupational accidents (64%). Wind, wetness and cold ambient temperatures were perceived as the most problematic work environment factors. In the northern GBD, as many as 78% of the respondents perceived an increased risk of occupational accidents and 57% perceived performance degradation due to cold [34] .
Development activities and results
In the development stage of the project, the identified cold-related problems, work tasks and the work environment were first observed and assessed in various workstations. These data formed a basis for development actions. A training campaign was organized, accompanied by immediate cold prevention measures and trials with protective clothing and PPE. Specific surveys and development actions were conducted in the most challenging work tasks, such as diving and channel maintenance. The key results and implementation tools of the development projects were (a) a model and practices for assessing and managing cold risks at the whole FMA, its divisions and workstations; (b) immediate improvements at workstations at the pilot division of GBD and recommendations for further development; (c) a training campaign at GBD and a Cold Work Guide booklet [35] to be used as learning material; (d) a model and practices for OHC activities for cold work at FMA and (e) a plan for implementation of sustainable results and organization-wide dissemination.
Implementation Plan and Process
On the basis of the findings made during the development stage, a plan for implementation was made in co-operation with FMA's key people and CWAP's experts. The plan included recommendations for implementation activities, responsible actors and a schedule. Information and training materials were also provided for the implementation process. First, the OSH unit at FMA's central administration had to integrate cold risk management into the OS program and the quality management system. An action plan had to be made for disseminating the results in the divisions, and the resources for concrete activities had to be allocated. Local OS representatives had to then integrate cold risk management into each section's OS plan. A specific FMA implementation team (Cold Team) had to be established for training and information tasks.
Second, feedback from the development trials had to be utilized in continuous concrete development activities. Cold risk assessment and prevention activities had to be carried out continuously and systematically at the workstations, first in GBD and then in other divisions. Co-operation had to increase between units and people responsible for purchasing protective clothing and PPE in the various divisions. These activities had to be co-ordinated and planned by FMA's OSH management unit, managers of divisions and the key people in the workplace. The Cold Team had to provide relevant information to support the activities.
Third, a cold work training campaign for the whole FMA had to be included in the FMA training program during the following 2 years. The training campaign had to be planned and carried out by the FMA Cold Team. Information and training material had to be produced by the Team and the central administration's information officer. Instructions for cold work had to be added to the training practices of new employees. Information on the project results had to be disseminated in the divisions by the divisions' information officers.
Fourth, the cold-related OHC practices had to be integrated into the OHC program of FMA, as well as into the instructions and training given to the external local OHC units. The OHC management of FMA was responsible for carrying out those tasks. The local external OHC units had to then carry out the practices in their everyday work and also assist FMA divisions in their cold-related training sessions.
The implementation process was scheduled to take place within the 2 years after the development process. The need for external expert support in dissemination was brought up, but it was not possible in practice. The Cold Team also suggested evaluating long-term impact and the economic effects of the process [36] .
EVALUATION STUDY. MATERIALS AND METHODS
Design
In accordance with its aims, the study was carried out by evaluating the development outputs, changes in cold risk management activities, factors that had influenced the implementation and changes in perceived cold-related risks and effects. Changes were evaluated at four interest levels: (a) OSH management and practices (organization level); (b) concrete development actions at the workstations (action level); (c) the personnel's awareness, attitudes and knowledge about cold work (awareness level) and (d) supporting activities during the development and implementation phases (support level). Data were collected in two ways: with a questionnaire and through interviews. The activities and influential factors during the development and implementation process were analyzed according to the four interest levels by using the PDCA cycle as a chronological framework. The presumption was that changes were needed at all four interest levels during the whole process to ensure sustainable improvements.
Population
The evaluation survey reported in this study was conducted in 2003, 3 years after the development project. A questionnaire was sent to 1 024 employees who worked outdoors in different units of FMA. The number of people working outdoors at FMA was roughly the same as in 2000, when the first survey was done ( Table 1) . The number of respondents was 314 (31% response rate). The questionnaire was not re-sent to the study group, which may partly explain the lower number of respondents than in the case of the questionnaire in 2000. However, the characteristics of the respondents were similar in the questionnaire surveys in 2000 and 2003, and the study population can thus be considered as the same (Table 1 ). The percentage of GBD respondents among all respondents (16-17%) was equal to the percentage of GBD employees among all FMA employees. Notes. *-N = 1 024, questionnaire not re-sent, average age-48.4 years; **-N = 975, questionnaire resent once, average age-46.8 years.
In addition to the questionnaire, 20 persons from various personnel groups and divisions of FMA were selected for an interview. There were 9 persons from GBD and 11 persons from other divisions. All 20 interviewees had responded to the cold questionnaires in both 2000 and 2003.
Nine GBD interviewees and 6 interviewees from other divisions had participated in the training, field studies or trials of the development project. Two interviewees had been actively involved throughout the development process. Five persons had not participated in the development activities.
Method I. Questionnaire
The 
Method II. Interview
An interview was carried out to evaluate the development outputs, implementation practices and their effectiveness, and factors that had influenced the implementation process. A semistructured interview form was sent beforehand to the interviewees. The answers were then complemented with a phone interview carried out by the occupational health expert of FMA. Each phone interview lasted 10-20 min. Data were analyzed using qualitative content analysis.
RESULTS
Outcomes, Implementation and Influential Factors
In the evaluation questionnaire, the respondents reported some improved cold risk management activities. Those activities had been initiated by FMA's OSH organization, by OHC units and by the cold work development project. GBD respondents reported significantly more activities started by the cold work development project than did the respondents from other divisions ( Table 2 ). The most concrete improvements had occurred in the availability and quality of protective clothing (46% of the respondents). Improved technical cold prevention actions, such as availability of spot heaters and improved machinery, were reported. Awareness and occupational safety in general also improved. In the interview, 18 persons out of 20 considered cold work as an important or very important topic at FMA. The interviewees recognized many successful outcomes of the development phase, such as the Cold Work Guide booklet (19 comments), the Notes. *-number of comments. questionnaire (11 comments) and the training sessions (7 comments). The booklet, which everybody received, was considered a versatile and clear information package. The training was considered to be in-depth and based on the newest knowledge available. On the other hand, according to 13 interviewees, the establishment of standardized instructions and common rules was carried out unsuccessfully or incompletely already in the initial development phase. Six of these responses were from GBD, and seven from other divisions. According to the interviews, the most notable concrete improvements in the implementation phase were better availability and quality of protective clothing (7 comments), improved awareness and motivation, better planning of work and improved overall work safety. However, further training and implementation of the recommendations and results were carried out insufficiently. According to one respondent, just a small number of project results had been utilized. More information was needed.
There were several influential factors that had either helped or hindered the implementation of the development results. After the development phase, there were positive expectations regarding implementation and continuous development. OS personnel were suggested to be the responsible actors in the continuous development process. The hindering factors were mostly related to lacking or unclear common rules, practices and knowledge at various levels of the organization. The purchase of protective clothing and PPE was considered problematic due to no common practices or knowledge. The management's attitudes towards further implementation of the results were considered positive in theory, but they did not lead to concrete actions. Moreover, during the follow-up survey, FMA was undergoing a major reorganization, which may have taken most of the attention. Other hindering factors were lack of resources and no co-ordinated training. The number of full-time OS staff members was also considered to be too low. The main findings of the interviews are reconstructed in Table 3 .
Changes in Perceived Cold-Related Risk Factors and Effects
In the questionnaire survey, no significant changes were found in perceived cold-related environmental risk factors among all FMA respondents (N = 314) compared with the earlier questionnaire study (Figure 2 ). The only significant change was in the perceived sensation of wet hands, which increased from 67 to 74% (p = .047). There were no significant changes in perceived cold-related environmental risk factors among the GBD respondents only or among the respondents from other divisions compared with the earlier questionnaire study (Tables 4-5) . In a comparison between responses from the northernmost division GBD and from other divisions, the respondents from GBD reported significantly higher ratings in wetness (98 versus 81%, p = .001), cold environment (96 versus 80%, p = .007) and cold materials (88 versus 71%, p = .020) than the respondents from other divisions. The same phenomenon was seen in the earlier questionnaire survey.
In comparison with the earlier questionnaire, there was a significant change in the perceived adverse effect of cold on work performance among all FMA respondents (Table 6 ). However, this change was not seen in the subgroup of GBD. On the other hand, no significant differences in 7. DISCUSSION
Outcomes and Methodological Considerations
This study provides long-term evaluation information from a multicomponent ergonomics development and implementation process. It stresses the importance of a well-planned and well-managed implementation and dissemination process to ensure the sustainability and diffusion of the results in a large organization. Although the size of the case population may limit generalizations, the study data well represent the various employee groups, divisions and personnel's age profile at FMA. The interview confirmed and complemented the quantitative questionnaire data. The factors helping and hindering development work can thus be applicable in various types of ergonomics development and implementation processes. To our knowledge, this is also the first study to use the matrix formed by the development framework of PDCA and the different interest levels to analyze the processes, outputs and effects.
Discussion of Results
According to the evaluation, the outcomes from the initial development phase were useful and usable. The implementation of the good practices succeeded well in the pilot GBD group. At the action level, positive changes in concrete cold risk prevention activities were found in GBD. This is most probably due to successful development and information activities during the development phase, as was also reported in the interview. However, at the organization level, there were no improvements in organization-wide rules and practices. Ownership of the implementation was not clear; managerial commitment and allocation of resources were vague. At the support level, internal experts, such as OS and OHC personnel, were recognized as key actors in the implementation process, but their role did not become clear or visible. External supporting expertise was also needed. The recommended OHC practices were not adopted sufficiently by the external OHC units.
Awareness of cold-related problems and cold work increased among all FMA employees. Motivation and expectations towards implementation were thus high after the development phase. However, there were no improvements in perceived cold-related adverse effects among all FMA personnel in general. This may be due to increased awareness combined with insufficient organization-wide implementation. In a large, hierarchically multilevel organization such as FMA, the time span for implementation and diffusion of new practices may also be longer than 3 years [27] .
The number of the respondents in the evaluation questionnaire was lower than in the questionnaire 3 years earlier. There are several reasons for this. First, the evaluation questionnaire was not re-sent to the study group, as was the first one. Second, in the large reorganization process at FMA, OSH management and co-ordination of external OHC activities were re-organized, too. Some of the new OSH key people had not participated in and were not committed to the initial development and implementation processes. For this reason their motivation for carrying out the evaluation study may have been weak. Third, the lower rate of responses may also be a sign of selecting too broad a study group from the beginning. Most probably there would have been a higher response rate and more positive changes in the end if the evaluation survey had been focused to the pilot group only.
Previous studies support the results. This study points out the importance of joint management practices, commitment and ownership of the process, visibility and concrete development of activities, and information and awareness as the most important factors facilitating an implementation process in a large, hierarchically multilevel and geographically widespread organization [26, 27, 29, 30, 31] . One of the biggest hindering factors was also the major reorganization of FMA, which started a year after the development phase. The implementation process should be planned at a very early stage of the development process with allocated resources and a clear ownership of the process. To ensure sustainability of the results, internal and external expertise should be used after the initiation phase, too [37, 38] .
While multicomponent development and implementation processes are always complex issues with many influential factors, the interaction between the elements and the actors of the process needs to be studied further [39] . A specific question for further study is the optimal role of internal and external experts in different phases of the processes. We suggest that the presented matrix formed by the development framework of PDCA and the different interest levels could be utilized to analyze development and implementation activities, actors and outputs during the planning, development and implementation processes.
Conclusions
This study has shown that the following points should be emphasized to enhance the development process and ensure the implementation process in a large, hierarchically multilevel organization: the target groups and the goals for the pilot development project and the implementation stage should be set clearly from the beginning. Organization-wide rules and practices for implementation should be set as early as possible. Concrete activities and information should be emphasized for visibility and improved awareness and motivation. The ownership of the implementation process should be clear from the beginning and it should be updated according to possible organizational changes. Necessary resources should be allocated for the implementation process. Finally, supporting internal and external experts should be committed and involved in all stages of the process. This study also presents a matrix model for analyzing the development and implementation activities during the process.
